NMR studies of the activation of the Escherichia coli trp repressor.
The Escherichia coli trp repressor binds to the trp operator in the presence of tryptophan, thereby inhibiting tryptophan biosynthesis. Tryptophan analogues lacking the alpha-amino group act as inducers of trp operon expression. We have used one- and two-dimensional 1H-NMR spectroscopy to compare the binding to the repressor of the corepressors L-tryptophan, D-tryptophan and 5-methyl-DL-tryptophan with that of the inducer indole-3-propionic acid. We have determined the chemical shifts of the indole ring protons of the ligands when bound to the protein, principally by magnetization-transfer experiments. The chemical shifts of the indole NH and C4 protons differ between corepressors and inducer. At the same time, the pattern of intermolecular NOE between protons of the protein and those of the ligand also differ between the two classes of ligand. These two lines of evidence indicate that corepressors and inducers bind differently in the binding site, and the evidence suggests that the orientation of the indole ring in the binding site differs by approximately 180 degrees between the two kinds of ligand. This is in contrast to a previous solution study [Lane, A.N. (1986) Eur. J. Biochem. 157, 405-413], but consistent with recent X-ray crystallographic work [Lawson, C.L. & Sigler, P.B. (1988) Nature 333, 869-871]. D-Tryptophan and 5-methyltryptophan, which are more effective corepressors than L-tryptophan, bind similarly to L-tryptophan. The indole ring of D-tryptophan appears to bind in essentially the same orientation as that of the L isomer. There are, however, some differences in chemical shifts and NOE for 5-methyltryptophan, which indicate that there are significant differences between the two corepressors L-tryptophan and 5-methyltryptophan in the orientation of the indole ring within the binding site.